Land use, land cover and climate change (CC) can significantly influence the hydrologic balance and biogeochemical processes of watershed systems. These changes can alter interception, evapotranspiration (ET), infiltration, soil moisture, water balance, and biogeochemical cycling of carbon, nitrogen, and other elements. The need to evaluate the combined effect of land use change and CC of watershed systems is a focus of this study. We simulated watershed processes in the SuAsCo River watershed in MA, USA, using a calibrated and validated Hydrological Simulation Program Fortran model. Climatic scenarios included downscaled regional projections from Global Climate Model models. The Land Transformation Model was used to project land use. Combined change in land cover and climate reduce ET with loss of vegetation. Changes in climate and land cover increase surface runoff significantly by 2100 as well as stream discharge. Combined change in land cover and climate cause 10% increase in peak volume with 7% increase in precipitation and 75% increase in effective impervious area. Climate and land use changes can intensify the water cycle and introduce seasonal changes in watershed systems. Understanding dynamic changes in watershed systems is critical for mitigation and adaptation options. We propose restoration strategies that can increase the resilience of watershed systems.
INTRODUCTION
Inadequate water supplies and poor water quality are problems of increasing concern in watersheds, and climate and land cover change can exacerbate these issues. These impacts are observed as shocks to water balance that result in changes in evapotranspiration (ET), infiltration, and soil moisture (Kosmas et al. ; Santhi et al. ; Marshall & Randhir a; Kim et al. ) . This can lead to changes in runoff rate and volume, timing of spring and winter runoff events, groundwater recharge, baseflows, and intensity and frequency of floods and droughts (Pielke & Avissar ; Moscrip & Montgomery ) . In addition to water balance and altered hydraulic conditions, climate change (CC) and human-induced landscape alteration can also affect water quality (Marshall & Randhir a, b) . In the United States, for example, water quality of 35%, 45%, and 44% of assessed rivers, lakes, and estuaries, respectively, is impaired (US EPA ; IPCC ). Rate of evaporation is higher in forested areas because of higher leaf surface area, deeper roots than other vegetation, and higher surface aerodynamic roughness in forests (Farley et al. ; Calder ) . Hence, reduction in forested land could lead to decrease in ET (Pielke & Avissar ; Lin et al. ; mainly caused by poor land use practices that compact soils and expose them to erosion, and decrease percolation into groundwater (Kosmas et al. ; Brath et al. ) .
CC is another stressor to watershed systems. With continuation of the current emissions trajectory, the global mean surface temperatures would likely increase by 2.0 W C by mid-century and 3.7 W C by the end of the 21st century (IPCC ). In addition to increase in temperature, increase in precipitation is also expected in some regions (IPCC ). As a result, more runoff is expected in future for 
METHODOLOGY Study area
The SuAsCo River watershed (Figure 1) 
Conceptual model
The conceptual model that represents the theory and data flows used in studying LULC and CC impacts is shown in Figure 2 .
Both abiotic (soil and topography, temperature, precipitation, moisture) and biotic factors (vegetation, population) contribute to environmental heterogeneity on the watershed scale.
Changes in climate may cause changes in precipitation at the local scale; however, climate variability or human activities or both can cause changes in ET, surface runoff, infiltration, and active groundwater flow. All these variations in the hydrologic cycle have major implications for water resources management. Other than that, a range of variables, such as production and transportation costs, capital flows and investments taxes, and subsidies, are defined by economic factors and policies. For example, better access to credit and markets as well as secure land tenure for farmers can encourage more deforestation instead of relieving pressure from deforestation.
To deal with disturbance in the hydrologic cycle, sustainable use of natural resources, a multi-sectoral approach to CC and LULC change, and transparency and accountability are necessary. Having said that, to study the impacts of stressors on the watershed scale, the HSPF model was chosen for this study to simulate watershed processes (Ribarova et al. ) and run at time-steps of less than a day (Bicknell et al. ) . HSPF is a continuous simulation 
Model calibration and validation
The model was calibrated for a 36-year period from January We derived optimum parameter values using the calibration process with the HSPEXP tool (Lumb et al. ) using statistical criteria for daily, monthly, and yearly flows. Discharges measured at four gaging stations provided data for calibration and validation as described above under
Calibration is done by adjusting relevant parameters to reduce differences between simulated and observed streamflow characteristics, such as volume error, highest flows and lowest flows, storm and seasonal volume error, low flow recession, summer and winter volume.
R 2 and the Nash-Sutcliffe model efficiency coefficient (E) were used to measure the quality of the model fit.
Hydrographs and flow-duration curves of the daily mean flow reflect climate, topography, and hydrogeologic conditions of the basin.
Statistical tests
Statistical tests were performed to compare simulated flow daily discharge data series was measured by NSE:
n is the number of time-steps, Q sim and Q obs the simulated and observed streamflow at time-step i, and Q avg the average observed streamflow over the simulation period.
LULC change and CC impacts
The LTM ( (Table 1) .
Combined influence of climate and land cover
To assess the combined impact of land cover change and CC, the model is run with LTM projected land cover (Table 2) by the year 2100 (Table 3) .
Variation in ET, baseflow, interflow, and groundwater 
Monthly and seasonal changes in streamflows
Streamflow is expected to decrease during the months of April by 8% in 2035, 17% in 2065, and 19% in 2100 (Figure 4(a) ). The highest decrease in streamflow is observed during April, which could be a result of 2. Overall, winter streamflow is increase by 5% of the baseline by 2100 in SuAsCo. Higher winter discharge is a result of intensified snowmelt and increased winter precipitation. The increase in siltation, crusting, and compaction of surface soil because of land cover change can lead to reduction in infiltration and to increase in stormwater runoff (Niehoff et al. ) . When it comes to seasonal variation, increase in summer streamflow 
Changes in low flows and peak flows
Combined change in land cover and climate increased the frequency of 10% low flows (17.4%) more compared to 10% high flows (3.1%) ( Table 3 ). These changes in high flows and low flows indicate potential increases in extremes in stormflows. This could be a result of variation in ET, resulting from changing temperature and increasing impervious cover, which accelerates hydrograph events. The variability can also be due to changes in snowmelt that increase winter and summer floods. Summer variability and winter volumes in flows increase by 18.4% and 15.8%, respectively (Table 3) . Increase in winter floods may be because of increase in rainfall as snowfall and early melt contributing to melt water runoff contribution that could increase peak flows. Table 3 shows that mean peak discharge are expected to increase by 5.8% in 2035 and 10.4% in 2100 relative to baseline levels.
The increase in storm peak volume could be a result of the 7% increase in precipitation and 2.7 W C increase in temperature that is expected in 2100 and to a decrease in infiltration rate under future scenarios of land cover. It is clear that increase in precipitation and temperature in the near and far future has major effect on variability and timing of stormflows. In addition to climatic effects, land cover change with loss of vegetation cover and high rainfall intensities can increase siltation and reduce macropore connectivity (Niehoff et al. ) . The runoff is expected to be higher because of reduced infiltration resulting from surface armoring in urban areas. This indicates an introduction of seasonal and overall variability in hydrologic processes needing investments and design of management practices that increase resilience of watershed systems.
General approaches to watershed-based restoration strategies
First, there is a need to develop an understanding of watershed components, processes, and water uses and users, and then to identify abiotic stressors (such as total phosphorus, total nitrogen, fish passage, altered hydrology) causing impairments or threats to water quality. The point sources for which a National Pollutant Discharge Elimination System (NPDES) is required need to be identified, as well Combined change in land cover and climate are expected to cause 6% to 10% increase in average storm peak volume. A 7% increase in precipitation and 75% increase in EIA by 2100 are expected to increase average storm peak volume. Storm peak volume is expected to increase to 6% by 2035, 8% by 2065, and 10% by 2100.
Increasing peak flow information needs to be a part of town planning and infrastructure design for stormwater.
Town or city plans developed using historic data may not suit future impacts of land use and CC. In addition, old infrastructure designed may not be resilient to these peak volumes. The infrastructure includes stormwater systems, culverts, bridges, and flood channels, which need to be carefully evaluated and restored according to future emerging needs.
Winter streamflow is expected to increase by 5% from the baseline. Higher winter discharge can be a result of intensity of snowmelt and increased winter precipitation.
However, the increase is summer stormflow (about 20%) is higher than winter stormflows. Streamflow is expected to decrease by 19% in April by 2100 and increase by 29%
in September by 2100. The large decrease in streamflow occurred in April because of the 2.7 W C increase in temperature. A significant increase in streamflow between July and
October is because of 7% increased precipitation in 2100. 
